Abstract. In order to understand the role of mica-rich rocks as a source of granite magmas, a series of melting experiments was performed on two different starting materials. The first composition is a model biotite gneiss consisting of 30 wt % biotite, 30 wt % plagioclase, and 40 wt % quartz. The second composition is a model two-mica pelites consisting of 15 wt % biotite, 15 wt % muscovite, 30 wt % plagioclase, and 40 wt % quartz. Experiments were performed under vapor-absent conditions at 1.0 GPa and between 750 ø and 950øC. With only biotite in the starting material the volume of melt is always less than 15 vol % below 900øC and reaches 25 vol % at 950øC. In experiments that involve both biotite and muscovite in the starting material, the melt proportion increases up to 28 vol % at 825øC and reaches 60 vol % at 950øC. For the biotite-plagioclase-quartz (BPQ) assemblage, the solidus is located at 800øC at 1.0 GPa. The melting reaction produces a metaluminous granitic liquid and leaves a residuum consisting of garnet + biotite + orthopyroxene + plagioclase + quartz. In addition, the experiments show that at 1.0 GPa biotite can be stable above 950øC. With both micas in the starting material (BPQM), the solidus at 1.0 GPa is located at 750øC. The melting reactions produce a peraluminous granitic liquid and leave a residuum of garnet + sillimanite + biotite + quartz + plagioclase + Kfeldspar in experiments below 900øC. At 950øC the residuum consists of garnet + orthopyroxene + biotite + plagioclase. The melt fraction is determined by the proportions of the hydrous phases and of the amount of feldspar relative to quartz. Mineral modes of the source rocks, particularly the amount of quartz, are at least as important as the amount of available H20 in controlling the melt fraction generated during crustal anatexis.
Introduction
The quantity of melt generated by anatexis of crustal rocks is determined by the mineral assemblage, the amount of H20 available, and the temperature attained at a given depth. The melting of common crustal rocks, for example, muscovitebearing metasediments, amphibolites, and biotite-bearing gneisses that contain H20 only bound in hydrous minerals, is controlled by vapor-absent melting reactions.
Muscovite-bearing metasediments begin vapor-absent melting near 725øC at 1.0 GPa (-35 km [Storre, 1972; Huang and Wyllie, 1973] ) and generate S-type granite [e.g., Thompson, 1982 Hornblende-bearing basaltic amphibolites begin vaporabsent melting at temperatures that exceed 925øC at 1.0 GPa [Rushmer, 1991; Wyllie and Wolf, 1993] . The melting of amphibolite in the absence of external H20 therefore requires either massive basalt injection into the lower continental crust or in quartz-feldspar assemblages directly governs the amount of anatectic melt at a given temperature [e.g., Clemens and Vielzeuf, 1987]. In a previous study involving the melting reaction of biotite + plagioclase + quartz (BPQ I) assemblages [Gardien et al., 1994] we observed that less than 10% melt was formed from 800 ø to 900øC at 1.0 GPa.
The present study documents the results of experiments undertaken
in order to evaluate the effects that the relative proportion of muscovite and biotite, with plagioclase and quartz have on the fraction of melt which can be generated as a function of temperature. The pressure range investigated was that corresponding to the lower parts of thickened continental crust (1.0-2.09 GPa). Because of the difficulties of determining small melt fractions, an image analysis technique using scanning electron microscopy was developed.
Previous Rock-Melting Studies at H20
Saturation Numerous studies have shown the importance of the amount of H20 in the generation of large proportions of melt. Early studies were mostly conducted under H20-saturated conditions because of the faster equilibration rates and the belief that granitic magmas were H20-saturated. Experiments such as those of Piwinskii [1977] on granite, granodiorite, and tonalite have shown that the melt proportion increases rapidly at temperatures higher than the H20-saturated solidus. The rapid rise in melt proportion results from the fact that for rocks of granitic and intermediate composition the H20-saturated liquidus is only 100ø-200øC higher than the H20-saturated solidus. Experiments giving rise to large melt fractions are frequently used [e.g., Bergantz, 1990] in modeling the ability of the continental crust to generate melt during anatexis, despite the fact that vapor-absent melting reaction is also a viable process for the generation of melt. Because the H20 solubility of granitic melt increases markedly with pressure, the amount of H20 required to saturate granitic melt at, for example, 1.0 GPa (•35 km) is about 18 wt % (60-70 mol %). Such amounts of free H20 are not expected in the lower continental crust. Thompson [1988] have shown that the vaporabsent melting of biotite + kyanite + quartz + plagioclase assemblage generates small proportions of melt (6-15 vol %). Moreover, the greater fertility of the composition used by Vielzeuf and Holloway [1988] The amount of melt produced from vapor-absent melting of muscovite, biotite, and hornblende rock compositions with increasing temperature at 1.0 GPa from various studies is shown in Figure 1 . The steeply sloping curve of melt volume percent and shallowly inclined curve of melt volume percent correlate with the melting of specific minerals. The steeply sloping curve characterizes the vapor-absent melting of hydrous minerals which produce a large proportion of melt over a narrow temperature interval as for example muscovite. The shallowly inclined curve reflects the dehydration melting of minerals which In weight (Table 2 ) and was made in order to have a simple starting material compared with the more complicated composition BPQ I [Gardien et al., 1994 ] which contained about 6 vol % of accessory minerals (titanite, apatite, and alkali feldspar). In the second mixture (BPQM), 15 wt % of muscovite + 15 wt % of biotite + 30 wt % of plagioclase + 40 wt % of quartz were combined in order to give an average pelitic composition (Table 2). Because the water content in biotite and muscovite is similar (3.8-4.1 wt %, Table 2), the amount of water available from hydrous minerals in the two starting compositions is roughly identical. Any differences between the two sets of results therefore cannot be ascribed to the initial water content of the starting materials. The bulk rock compositions of BPQ and BPQM are presented in Table 2 together with the mineralogical composition of biotite, muscovite, and plagioclase. Successful experiment products were mounted in epoxy resin and polished to expose the center of the capsule. These 
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Melt Distribution Revealed by SEM Micrographs
The amounts of melt proportion were calculated from backscattered electron micrographs (BSE) obtained by a JEOL JSM 840 scanning electron microscope (SEM). Calculations of melt fraction were performed by image analysis. The best method is to redraft the BSE images for the specific mineral phase and scan it with a video camera. The images were then analyzed with a commercial program for the Macintosh computer. The recognition of a mineral phase is more precise because it as been previously analyzed with the electron microprobe in order to minimize the subjective factor, i.e., pattern-shape recognition. A range of magnifications was used: large magnification to include the smallest fractions and small magnification to avoid local heterogeneity, and the results were averaged. Compared with the optical microscope, the SEM offers considerably superior resolution up to at least 10,000 times microscope magnification. Moreover, it is possible to detect contrast equivalent to compositional differences of 0.1 Z atomic number [Lloyd, 1987] .
Melting Behavior of the BPQ II Assemblage at 1.0 GPa
The results of the H20-undersaturated melting experiments involving the BPO II starting composition are listed in Table 3 . Ruffle and alkali feldspar which were not present in the starting material, were observed in the experiment at 750øC. Titanium, alkali feldspar, and H20 were released from biotite without evidence of melt formation on the BSE micrographs. The absence of melt at 750øC is in agreement with the proportions of phases remaining which are close in proportions to those of the starting material (Table 3) The results of the H20-undersaturated melting experiments involving BPQM starting material are presented in Table 3 . The samples at 750 ø and 800øC contain 13-15 vol % melt. Muscovite has completely disappeared, indicating that at 1.0 GPa Mus-out and melt-in curves are located near 750øC, which reduces the wet-solidus temperature by 25øC compared to that of Storre [1972] . Sillimanite is not present as a reaction product of muscovite melting, but alkali feldspar is observed. The absence of sillimanite indicates that biotite is capable of incorporating the excess of m1203 from muscovite (at 750øC the m120 3 content is about 17 wt % in biotite for BPQM and about 13 wt % in biotite for BPQ), while the melt accommodates the potassium (at 750øC the abundance of K20 in the melt is 2 Garnet is not present either in the starting material or in the products from the experiments conducted at 750øC. From 800 ø to 950øC, garnet occurs as euhedral unzoned crystal in both the BPQ II and BPQM assemblages. In BPQM, the CaO content of garnet increases from 3 wt % at 825øC to 9.5 wt % at 900øC, whereas both FeO (from 31 to 25 wt %) and MgO (from 3.4 to 2.5 wt %) contents decrease between 825 and 900øC. At 950øC the content of CaO decreases rapidly to 2.8 wt %, while FeO and MgO contents increase to 38 and 7.5 wt %, respectively. The MnO content decreases gradually from 3.4 wt % at 800øC to less than 1 wt % at 950øC. At a given temperature the CaO content is always higher in the BPQM assemblage than in BPQ assemblage. In addition, FeO, MnO, and MgO contents are always lower in the BPQM than in the BPQ II assemblages (Figure 4 ).
Orthopyroxene
Between 825 ø and 900øC, orthopyroxene occurs only in the BPQ II products. The most significant change in orthopyroxene composition is the rapid increase in m120 3 content from 2 wt % at 825øC to 7-8 wt % at 900øC, whereas FeO and MgO decrease slightly. At 950øC, orthopyroxene occurs in both the BPQ II and BPQM products with a A120 3 content of 11 wt % (Figure 4) , although in neither case is orthopyroxene present with sillimanite.
Plagioclase
CaO and Na20 contents are virtually constant from 800 ø to 900øC. In both the BPQ II and BPQM assemblages the plagioclase composition (An28_3o) is close to that of the starting material (An27). At 950øC the CaO content increases to An3s_ 4o. Despite no alkali feldspar in the starting material it occurs between 800 ø and 900øC in the BPQ and BPQM assemblages. Potassium content decreases with increasing temperature from Or86 at 800øC to Or63 at 900øC. and BPQM assemblages could be related to the increase in A1203 in the melt with increasing temperature (Figure 4) . For a given temperature the aluminum content is always highest in BPQM assemblage, whereas FeO and MgO contents are lowest. The TiO2 content is similar in the two assemblages at any given temperature.
Melt
Microprobe analysis indicate that melts produced during our experiments have a granitic composition (Table 4) Table 4 ) and in Na20 , while FeO, MgO, and K20 do not differ significantly compared with melts from BPQM experiments. At 750 ø and 850øC the enrichment in A120 3 in BPQM compared with BPQ II is related to the disappearance of muscovite in the former. In the BPQM assemblage the significant increase in the amount of A120 3 at 950øC reflects the disappearance of sillimanite as an important aluminous phase. The first granitic liquid produced with BPQM at 750øC (Table 4) is silica-alumina-, and potassium-rich and contains almost no MgO, FeO, CaO, and Na20. The low amounts of MgO, FeO, CaO, and Na20 in the melt may indicate that plagioclase and biotite do not react at 750øC. The muscovite breakdown produces K-feldspar and a small amount of melt which may contains a lot of H20 (50% of the initial water available in the starting material). The low total in Table 4 might be a Na volatilization problem (maybe 1 or 2 wt % of Na20 are missing) due to the very high water content of the melt and also to the difficulty of analyzing very small melt pocketS. With increasing temperatures the melt proportion increases with the melting of quartz and plagioclase, but the water content into the melt does not increase because the biotite remains stable until 900øC. The dilution of water increases in the melt with increasing the temperature and explains the high water content in the melt at 750øC and the lowest H20 content at higher temperatures. The stability of biotite and plagioclase at 1.0 GPa and 750øC is expressed by the volume percent of biotite and plagioclase which are virtually similar (Table lb) to that of the starting material. The increase in MgO, FeO, CaO and Na20 in the BPQ II and BPQM glasses over the temperature range of 825ø-950øC indicates that biotite and plagioclase (+ quartz) react (Table 4 ). indicates that intermediate experiments must be done in order to determine the exact temperature of both the Sil-out and the Qtz-out curves. In general, the melt generated from the BPQ II assemblage is less aluminous (less than 0.65 wt % normative corundum) than that produced from the muscovite-bearing assemblage (between 1 and 7 wt % normative corundum). Silica contents are approximately similar (Table 4) . Decomposition of muscovite releases KA1Si30 8 and A120 3 which enter the melt and promote the melting of the quartz + plagioclase mixture by lowering its minimum melting temperature. The upper thermal stability of biotite is higher in H20-undersaturated than in H20-saturated melts [Naney, 1983; Puziewicz and Johannes 1990 ]. In our BPQM experiments the H20 released from muscovite increases the amount of water dissolved in the melt, promoting the breakdown of biotite and the rapid increase of the melt fraction up to 28 vol % at 825øC. Moreover, it was observed that for both starting materials the melt becomes more aluminous for temperature increases in agreement with the decrease in alumina content of biotite and the decrease in the amount of biotite with increasing temperature (Table lb) The results presented above and other experimental studies suggest a hierarchy of rock fertility to generate melt during anatexis in collision belts. Thus if it can be demonstrated from natural examples that particular magmatic rocks have relatively refractory sources (e.g., metagraywackes or amphibolites), then such source regions must have experienced additional heat input more than that resulting from simple collision processes.
